Wineland and Haroche realized a longstanding dream of quantum physics: studying the behavior of single quantum objects. The founders of quantum mechanics believed that studying a single quantum system, like a single atom or a single photon, was beyond the realm of experimental possibility. Many believed that it did not even make sense to talk about a single atom; only the behavior of an ensemble could be meaningful. In fact, Schrödinger asserted: ". . .we never experiment with just one electron or atom ... In thought experiments, we sometimes assume that we do; this invariably entails ridiculous consequences. . ." (5) . The groups of Haroche and Wineland turned this idea on its head; not only did they use individual atoms and photons to elucidate some of the strangest aspects of quantum mechanics, they have even used them to make practical devices.
A key advance of Wineland's group was to go from trapping a cloud of many "hot" ions (a few degrees above absolute zero) to holding individual ions in the trap "ground state." Quantum mechanics shows that the energy of center-of-mass motion of any confined particle takes on only specific (quantized) values. Ordinary particles at ordinary temperatures are distributed among millions and millions of such energy levels. However, at the temperatures in Wineland's experiment, microdegrees above absolute zero, the single ion is-with near 100% probability-in one particular energy level, the lowest, ground state. Starting with such a pure and well-defined quantum state, Wineland and his colleagues experimentally demonstrated some of the classic thoughtexperiments of modern physics. Among these experiments were the observation of quantum jumps as a single atom changed its state after absorbing or emitting a photon and the creation of "Schrödinger cat" states: having an ion in two macroscopically separated places at the same time.
Haroche did much the same thing, but trapping photons, particles of light (or microwaves) in a cavity, where the photons bounce back and forth between two mirrors a billion times before escaping. Cooling the mirrors to less than a kelvin nearly eliminates the thermal photons in the cavity so Haroche's group could study one or a few photons that they deliberately put into the cavity. By passing single atoms through the cavity and analyzing the state of the atoms as they emerged, Haroche's group determined exactly how many photons the cavity held. In a dramatic demonstration of a classic thought-experiment, Haroche and colleagues put an indeterminate number of photons into the cavity, then began to measure the number, watching the cavity progressively "collapse" to a specific (but unpredictable) number of photons. Then, as photons slowly leaked out of the cavity, they could see the "death" of each individual photon. Haroche et al. also created "cat" states where the cavity, before measurement, was in a superposition containing A more detailed description with more extensive references is at: http://www.nobelprize.org/nobel_prizes/physics/laureates/2012/ advanced-physicsprize2012_02.pdf. two different classical fields, but collapsed into just one when measured.
Wineland's work has led to the bestever performance of an atomic clock. A single aluminum ion "ticking" at the frequency of light, about 10 15 times per second, produced a clock, the systematic uncertainty of which was better than a part in 10 17 . Optical clocks will probably one day replace the cesium atomic clocksnow with accuracies of a few parts in 10 16 -that currently define time.
The work of Haroche and Wineland has given a big push to quantum information science. In digital technology, "bits" of information are embodied as electronic switches turned on or off, spots on a CD or DVD burned or not burned, or patches on a hard disk magnetized one way or another. In quantum information the "qubits" store information in quantum objects like single atoms or photons-objects that can, like Schrödinger's cat, be in two states at the same time. Ironically, in 1996 Haroche and colleague Jean-Michel Raimond wrote a provocative article (6) entitled "Quantum computing: Dream or nightmare," pointing out the seemingly insurmountable difficulties to making a quantum computer. New theoretical and experimental developments, including ones from the laboratories of Haroche and Wineland, have made the difficulties seems less daunting. We still don't know if quantum computers that are capable of doing calculations that no ordinary computer could hope to accomplish will ever be made, but the work of Wineland and Haroche and of their colleagues all over the world has brought this and other goals, once merely the stuff of dreams, closer to reality.
